coating as before, but, owing to the rapid evolution of gas, the oxide was quickly stripped off and the mixed gases again evolved.
1-If N, E. and Z (vertical) are the three rectangular components of the earth's magnetic field, a study of the behaviour of the changes AN, AE, and AZ produced in them by a perturbing field gives information about the corresponding changes in this field and therefore in the overhead current system to which the field is due. In this enquiry AN, AE, AZ will be regarded as departures for 60-minute intervals from an undisturbed condition which is taken to be the corresponding departure on quiet days. It will be understood that this procedure assumes that the effect of dis turbance on the earth's field is to overlay quiet conditions by an additional system of forces. Average diurnal variations on both quiet, and dis turbed, d, days were therefore formed for N, E, and Z, starting from the published hourly values of the primary horizontal elements H and D where necessary. With the two sets of variations converted into depar tures from their respective means, difference departures A -A for N, E, and Z were formed hour-by-hour to give 24 disturbance field component vectors. This was done for the seasons separately and the year as a whole for each of the observatories in Table I .
In discussing the average features of regular disturbance there are advantages in using as extensive series of data as possible. Even when the five internationally selected d and q days per month are used, as in the present enquiry, exceptional isolated disturbances may obscure normal behaviour. This is especially true when the study concerns stations representing transition zones in the phenomena of disturbance. The inclusion of Fort Rae, the British Polar Year station in N.W. Canada, will, however, be seen to be fully warranted, not because of the scale of disturbance there but because of its instructive position on the polar side of the line over which the current system producing the main features of the regular daily variation of disturbance is mainly concentrated. 2-Figs. 1 and 2 show for the whole period used and for the winter (January, February, November, December) and summer (May to August) months the disturbance vector diagrams in the horizontal (N, E) and vertical meridian (N, Z) planes. Throughout these diagrams the hours as numbered are the nearest local whole hours. In both figures the scale for the three most southerly observatories is double that of the remaining four. The great increase in the scale of the regular disturbance vector accompanying the 17° increase of (magnetic) latitude between Seddin and Fort Rae can best be commented on numerically when the resultant whole-field vector is discussed, § 6. Other less obvious features may also be more suitably deferred till the co-ordinates of this resultant vector are available, § § 7, 8. Here examination is confined to those aspects to which the diagrams themselves give the readiest clue.
The common characteristic differentiating the N, E vector diagrams, fig. 1 , for Seddin, De Bilt, and Eskdalemuir from those of more northerly stations is the tendency of the former to be elongated transverse to the magnetic meridian (see values of average declination in Table I the meridian practically vanishes. The diagram for Fort Rae is highly irregular but on the whole lies along the meridian. As was first pointed out by Ludeling,* roughly oval or circular diagrams may be expected at stations in still higher latitudes.
As the Eskdalemuir diagram in summer tends to the elongated form of more northerly stations, so the diagrams for Lerwick and Sitka tend in winter to the form characteristic of the lower latitude stations where the elongation is transverse to the meridian. The Fort Rae diagrams, both in winter and summer, are more highly irregular than may be attributed solely to the short period covered by the data. In winter the diagram is more elongated as well as more complex than in summer. 3-Intimately connected with the form of the horizontal disturbance vector diagrams, other characteristics shown by the directions in which the diagrams are described are recognizable in fig. 1 . These are summarized in Table II in which cc denotes rotation with, and ac ag If the vector clearly rotates in both directions, that followed in the greater number of hours is given first; a dash indicates a complexity of rotation. The mechanism producing these changes in rotation direction and form of the vector diagrams presently being considered need not be discussed in detail; they are used only as indices of the zonal arrangement of the disturbance field. It is enough to say that they are to be explained solely by the relative magnitudes and phases of the disturbing vectors.
It should be noted that the ac direction for Fort Rae is also that of other similarly situated stations examined by Ludeling, loc. cit., and the opposite direction for higher latitudes exemplified in Liideling's enquiry by Kingua Fjord is confirmed by Graarud and Russeltvedt* for Gjoahavn.
The grouping of stations suggested by Table II is the same as that of § 2. At Sodankyla, situated, as will be seen presently, just to the south of the line of greatest current concentration, the rotation direction is indefinite. Southward, to a limit about Eskdalemuir, the rotation is cc; northward, to about the latitude of Fort Rae, it is ac. Beyond these limits again the rotation changes to ac below Eskdalemuir and to cc above Fort Rae. The various zones suggested by Table II may conveniently be referred to by letters:-z1 is the zone between Sodankyla and Fort Rae, z 2 between Sodankyla and Eskdalemuir; is the region on the polar side of zx and ez2 on the equatorial side of z 2. The line just to the north of Sodankyla between z x and z 2 will be referred to as the current line. Table II shows that the limits between and pzx and between z2 and ez2 vary with season. In summer the northern limit of ez2 moves south to include De Bilt and Seddin; in winter it retreats so that the ac direction appropriate to ez2 becomes the characteristic of Eskdalemuir and even Sitka. North of the current line the corresponding seasonal changes are less unambiguous. But considered along with the winter and summer shapes of the vector diagrams, § 2, the rotation direction at Fort Rae may be interpreted in this way. A rounded form and cc rotation are the characteristics of the vector diagram for the horizontal disturbance field within p zx. At Fort Rae, though the transverse field is more highly developed in winter than in summer so that the diagram is broader in this latter season, the vector rotation then is consistently ac. Hence z x is probably affected by the same southward expansion in summer as the zones on the equatorial side of the current line.
Lerwick is the only one of the seven stations whose direction of rotation remains constant in all seasons.
Some of the seasonal changes in the behaviour of the disturbing vector in the horizontal plane described above can be ascribed either to hori zontal or vertical modifications in the space distribution of the current system. Increased height in summer with consequent extended horizon would alone adequately account for zonal movements in localities south of the current line. Such a summer increase in height has indeed been found by Goldie,* using a wholly different mode of investigation. But, as will be seen more clearly in § 10, the real alternative to a southward movement in summer of all zones is probably an increased height in that part of the current system controlling localities in z 2 and ez2 and a decreased height in zv 4-The disturbance vectors in the meridian plane, fig. 2 , will now be considered, restricting attention at first to those for the year in the lefthand side of the figure. Noting that in these (as in the separate seasonal diagrams) direction to north is towards the right of the figure, it is clear that at Fort Rae the main slope of the vector diagram away from the vertical is to the north, while for all the other stations, except De Bilt and Seddin, the slope is to the south. Further, this slope is greatest at Sodankyla and becomes increasingly less with decreasing latitude until at De Bilt and Seddin the diagram is vertical or slightly inclined to the north. If we suppose all seven diagrams simplified so that each may be replaced by a pair of vectors acting, one through the hours of maximum vector directed downward, the other through the hours of maximum upward vector, we may infer that, if the current producing these diagrams is simple and concentrated, it is situated overhead between the latitudes of Sodanykla and Fort Rae and probably nearer Sodankyla than Fort Rae. We may also infer that Eskdalemuir is just to the north of (i.e., within) the horizon of the concentrated current, De Bilt is just on it, and Seddin beyond it, so that at this last station the vector in the vertical plane appears to be related to a current below ground level. These are the average effects of all seasons.
The separate winter and summer meridian diagrams point to seasonal changes of the same nature as those deduced from the horizontal com ponents. At Eskdalemuir, for example, the winter figure is vertical; in summer it is inclined southward at an angle of about 25°. At De Bilt and Seddin the winter figures slope to the north; in summer both are tilted slightly southward. For those three southern stations these changes imply that in winter the southern limit of northward inclination retreats northward to the latitude of Eskdalemuir; in summer it advances to include De Bilt and Seddin. For the more northern stations the corresponding seasonal changes are not so conspicuous largely because of the complex form of the figures, especially that of Fort Rae. But at Sodankyla there is evidence that the vector is more nearly horizontal in summer than in winter at the time when the vector is greatest.
5-Other features of interest in fig. 2 of greatest upward and downward directed vector and times of transition are summarized in Table III . At about 18 hr, when the meridian vector is greatest upward at Fort Rae it is greatest downward at the other six stations south of the current line. The immediate inference is that the direction of current flow producing the maximum vector at this and neighbouring evening hours is from west to east; in the early morning hours centred about 4-5 hr the current is at its maximum in the reverse direction. The local time of maximum west-east current is practically the same at all stations; the morning time of maximum east-west current is 2 or 3 hours later in zx and ez2 than in z 2. The times of reversal of vector-and therefore current-direction deduced from fig. 2 are also shown in Table III . For the stations in z2 and ez2 21 hr is general for the reversal from west-east to east-west current; at Fort Rae it is 3 or 4 hours later. The opposite change occurs at all stations in an interval of 3 hours before local noon. The evening reversal in direction of disturbing current affecting Lerwick and Eskdale muir has been noted by Goldie, loc. cit., p. 157. 6-Further detailed examination of the characteristics of the (d-q) vectors is assisted by converting the rectangular components of each hourly vector into polar co-ordinates R, 0, < /> , where R is the mean hourly resultant vector, 0 is the inclination of R to the vertical measured from the nadir, and < f > is the angle, measured from north through east, which the vertical plane containing R makes with the vertical plane through the geographical meridian. The values of R, 0, and < /» for each hour are determined by R2 = AN2 + AE2 + AZ2 = p2 + AZ2 0 = tan-1 AE/AN and < f > = tan -1 p / AZ, p being the resultant vector in the horizontal plane. Table IV gives the values o f R, 0, and for each hour o f the day for the year as a whole for the seven stations.
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The diurnal variation o f the resultant vector R is shown graphically in fig. 3 . At each station R has a prim ary and secondary maximum each day, the one in the evening and the other in the early m orning hours. It is to be noted that at Sitka, as at Sodankyla and F o rt Rae, the primary maximum is in the morning. R at F ort Rae reaches a maximum a 12-hourly intervals; at the stations on the equatorial side of the current zone the evening maximum occurs 16 hours after the morning maximum. This implies that the west-east current of the evening at these latter stations decreases to a minimum, reverses and rises to a maximum from the east in half the time taken for the opposite change, whereas at Fort Rae the current variations are almost purely semi-diurnal. Table V gives the average daily values of R ; R ' is the corresponding value corrected for the magnetic activity of the years from which R is VOL. CLII.-A. derived. To obtain R' mean values of the u1 measure of activity developed by Bartels* were formed for the various sets of years used. Then assuming that the scale of disturbance in the latitudes concerned waxes and wanes proportionally with ux, the vectors for each station were referred to the standard of disturbance in the years covered by the Seddin data by multiplication by the factors given in the third line of Table V . From Seddin to Sodankyla (except between Sitka and Lerwick) R' increases with approach to the current zone. If the purely qualitative inferences in earlier paragraphs regarding the average position of the disturbance current system related to a concentrated overhead current between Sodankyla and Fort Rae, the field strength would fall off sym metrically to north and south of the current line, so that R' at Fort Rae should be comparable with R' at Sitka or Lerwick. That the average regular disturbance at Fort Rae is over three times as great indicates that other complicating factors enter.
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These complications may arise first from assuming that the current distribution is symmetrical about the earth's magnetic axis pole. The anomalous position of Sitka in R', as well as in the other diurnal character istics of R shown in fig. 3 , and still others to be noted later, give additional ground for believing that this assumption is not justified. At the same time any asymmetry would by itself be unlikely to be the whole explana tion of the high R' at Fort Rae. Secondly, the complication may also arise from a complex distribution of current flow in the overhead layers between Sodankyla and Fort Rae. If the distribution were in the form of a sheet extending nearly to the latitude of Sodankyla in the south and less closely to the latitude of Fort Rae in the north, but at less than half the height along this northern periphery of the sheet, the main features of R would be accounted for. In this connexion it is worth notice that the values of the resultant vector, p, in the horizontal plane (also given in Table Y) show that, though the great increase in R between Sodankyla and Fort Rae is shared by both the horizontal and vertical disturbing vectors, it is the vector in the vertical plane which makes the greatest contribution to the increase.
Defining the day hours as 7 hr to 18 hr inclusive and the remaining twelve as night hours, Table VI , a, shows the mean da R for the year as a whole and for the four winter and four summer months separately; Table VI the year R at Fort Rae, zone z x,and at stations developed in the light and dark h o u rs; only in z 2, comprising stations immediately to the south of the current line, is disturbance generally greater in the dark hours. A more unexpected feature is that the summer and winter values of the night/day ratio should be so similar within each station irrespective of its geographic latitude. Part b of Table VI shows that this feature is equally true of p ; it is therefore true of the remaining component in the vertical plane. But whereas the night/day ratios of disturbance are essentially similar for R and p at most stations (though differing from station to station in a way suggesting more than a merely zonal influence), the value of this ratio for p at F ort Rae is little more than half that for R.
7-Even with the additional set of vector diagrams analogous to those of figs. 1 and 2, drawn to represent the daily behaviour of the disturbance vector in the prime vertical (E, Z) plane, it is difficult to picture the course of the resultant vector R during the day. But with the data of Table IV three-dimensional models of the figure swept out by R have been con structed for six stations. In addition to what has already been said about the plan, fig. 1 , and east elevation, fig. 2 , of these models, the remaining features of importance may be summarized as follows. At Seddin, De Bilt, and Eskdalemuir the vector figure is roughly circular and described almost wholly in a plane which, on the average of the whole year, is nearly vertical and normal to the magnetic meridian. As fig. 2 indicated, this plane is actually tilted slightly away from the vertical to the north at Seddin, almost exactly vertical at De Bilt, and towards the south at Eskdalemuir.
N orth of Eskdalemuir the form of the vector figure is fundamentally changed. The separate hourly vectors now tend to cluster about two directions represented approximately by the morning and evening maxi mum vectors. These two directions, one to northward and one to southward of the station, lie nearly in the plane of the local magnetic meridian, but they are not colinear either in azimuth or inclination to the vertical. The back of the figure is broken at the transition from northdirected to south-directed vectors. In addition, the general slope of the figure, while remaining nearly in the meridian, changes with latitude in the manner shown by fig. 2 . The concentration o f all hourly vectors about two directions is most pronounced at Sodankyla, for which station the figure is not more than 20° from the horizontal.
Farther north at Fort Rae these general features are maintained; but whereas in stations of zone z 2 the general slope o f the figure is southward from the vertical, at Fort Rae the slope is towards the north. In addition.
the separate vectors at Fort Rae tend to open out again fan-wise in the plane of tilt. Fig. 4 represents diagrammatically the seven vector figures considered as if aligned along a magnetic meridian and regarded from the east. The broken lines represent the vertical at each station. The significance of the double position for the direction of current flow will be considered shortly; in true proportion the height of the current would be such that De Bilt is just on its horizon.
8-If the direction of flow in the current system were only reversed between a.m. and p.m., the latitude (or horizontal distribution of current concentration) and azimuth remaining unchanged, the directions of the Table IV do not lend themselves easily to demonstration of these changes. If the resultant vectors R at all stations were grouped about two dominant directions as at Sodankyla, two average R 's repre senting all but the transition hours could be taken to replace the 24 separate values. But in general the inclination 0 varies simultaneously with the azimuth </>, so that an average value of 0 or < /> has no meaning in defining R. Trial of several methods for circumventing this difficulty led to limiting the examination to not more than three hours grouped about each of the two greatest R values when 0 and < /> are most nearly stationary. For stations below the latitude of Sitka, figs. 1 and 2 have been used for confirmation of inferences.
The values of R, 0, and < f > at the two times each day when R is greatest are given in Table VII. In this table section b is intended to illustrate that R, 6, and < f > for the single hour of greatest R may be practically identical with the average values of these quantities for not more than 3 hours grouped about the two maxima (section a). The averages will, however, be used throughout. R p.m. will be used to denote the vector which is either a primary or secondary maximum in the evening hours; R a.m. will denote the morning maximum vector. As an example of the interpretation of the data of Table VII , R a.m. at Fort Rae is oriented 8° west of south and 57° from the (downward) vertical; R p.m. is 27° east of north and is 25° above the horizontal. Referring these vector positions to the disturbing current producing the field, the former inferences are confirmed that the main body of the dis turbing current lies to the south of Fort Rae, both p.m. and a.m., and that its direction is reversed from being east-west a.m. to west-east p.m. In addition, it may now be inferred that that part of the current system responsible for the field changes at Fort Rae has moved northward (or, alternatively, increased in height) and veered between morning and evening and that, accompanying this displacement, the distribution of current has altered so as to produce a diminished resultant field in the evening hours.
A similar daily northw ard movement and veer in the current producing the vectors R a.m. and R p.m. at Sodankyla and Sitka is shown by Table VII. For Lerwick, though the inclination of R a.m. above the south horizon is the same (48°) as at Sitka, the corresponding angle for R p.m. below the north horizon is 44° against 36° at Sitka. This and the similarity in magnitude of R a.m. and R p.m. at Lerwick tend to confirm earlier deductions that in most respects the disturbance field at Lerwick is more appropriate to that of a station of lower magnetic latitude. Table VIII affords a comparison between the azimuth, </>, of R irrespec tive of sense, the azimuth of the local magnetic meridian D and the azimuth of each station relative to the magnetic axis pole, all azimuths considered positive when measured from north to east. The value -37° for < f > for Eskdalemuir is derived from the computed azimuth of R at 17-18 hr in the average summer months when alone, fig. 1 shows that the horizontal vectors there tend to group round one direction.
At Fort Rae and at Sitka, the two stations with large easterly declination, the relative configurations of < f > , D, and ^ are surprisingly at Sodankyla and Lerwick the arrangement, though differing from the other two, is only slightly less concordant. The main features are that at Fort Rae and Sitka the a.m. and p.m. positions of R lie immediately on either side of tji, while D is much farther east. R p.m. at both stations is at most 4° from
The same is true of Lerwick with the addition that here R a.m. coincides with < | l At Sodankyla R a.m. is nearest < | > and R p.m. is equidistant from and D. A t both these stations D is also the most easterly of the four azimuths. The primary deduction to be made from the table is that the disturbance current for all stations lies more nearly at right angles to the great circle joining each station with the magnetic axis pole than to the direction of the local surface magnetic meridian.
9-On the assumption-by now recognized as inadequate-that a comparatively concentrated current flow is responsible for the vector orien tations and magnitudes discussed in the foregoing paragraphs, attempts were made by scale drawings (in which the earth's curvature was accur ately allowed for) to determine the approximate position of the current system. Though intersection of the lines drawn perpendicular to the vectors to represent the elevation of the current line above the horizon of each station was not expected, it was hoped they would converge on a limited area indicating a diffuse distribution. But the trials have made it clear that the disturbance currents must be widely distributed both laterally and vertically. Moreover, results to be presented in § 10 confirm con clusions reached by Goldie, loc. cit., that the average position of the current system probably varies from m onth to month and also with the degree of disturbance, so that even if the complex form alone of the current system did not nullify graphical methods, the heterogeneous nature of the data used here would introduce uncertainties.
10--The behaviour of the disturbance vectors will now be examined for indications of seasonal changes in the current system. The appro priate details, extracted from unpublished tables for winter and summer similar to Table IV for the year, are given in Table IX . As far as possible the same hours as in Table VII have been selected for specification of the magnitude and orientation of R so long as those hours included the greatest value of R. An analysis of the table leads to the following conclusions:
(1) As diagrammatically represented in fig. 5 , the direction of seasonal change of 0 is the same at all stations and, on the hypothesis of a simple concentrated current over the latitudes between Sodankyla and Fort Rae, could be explained by a southward displacement of this current in summer. Even if the current were extensively diffuse, such a movement alone would also account for the increase from winter to summer in both the a.m. and p.m. field vectors at all stations south of the current line, except the a.m. Sitka vector, which is anomalously low. If, alternatively, the summer change of orientation and magnitude of R is to be ascribed to an increase in height distribution of the current, this m ust be accompanied by an increased concentration of current flow. A t F o rt Rae to the north o f the current line the alternative to a southw ard movement (which in turn would require to be accompanied by a substantial increase in current concentration) is a decreased mean height. (2) The daily displacement or change in distribution of current already inferred from the data for the year as a whole in § 8 is confirmed. In both summer and winter the east-west, a.m., current is more southerly than the west-east, p.m., current. At Lerwick and Eskdalemuir this effect is noticeable only in winter.
As regards the rotation of the line of current flow, the data of Table IX show that at Fort Rae, Sodankyla, and Lerwick in both summer and winter the apparent northward displacement from the a.m. position is accompanied by a veer. At these three stations the amount of the rotation is slightly greater in winter than in summer. Lerwick, with a rotation in winter of 16° and in summer of 9°, shows the greatest seasonal change. Arising from the same anomaly as mentioned above, the veer of current at Sitka appears only in winter.
The difference in form of the three-dimensional vector figures for Eskdalemuir, De Bilt, and Seddin, compared with the clustered figure for the more northerly stations, makes it impracticable to bring the data for those stations into numerical alignment with the data of Whereas a similarity in the magnitude o f the disturbance vector in the winter and summer months at Fort Rae may have been anticipated and is indeed confirmed by other criteria, the same feature at Sitka, which in most other disturbance characteristics groups naturally with Sodankyla and Lerwick, is unexpected. It provides a further indication that the disturbance field is asymmetrical with respect to the magnetic axis pole. 11-The effect on the magnitude and orientation o f the disturbance vector on days of great as compared with average disturbance has been tested by the Fort Rae data alone. Using a local criterion, 40 of the most disturbed, d ', and 38 of the quietest, , days during the 1 August 1932-August 1933 were segregated and difference ( -q') inequalities formed. From these the values o f R, 0, and < f> , given in Table XI , were computed.
Compared with the corresponding vector characteristics for (d -q) days, Table IV, it is noticeable that, while the R p.m. maximum occurs at the same local hours, the greater R a.m. is advanced to 2-5 hr, though the three steadiest high values of R remain at 5-8 hr as for ( -q) days. The daily mean R in Table X is 134 y compared with 99 y in Table IV. Corresponding with Table VII for ( -q) days, Table XII gives the mean values of R, 6, and < j > for the two groups of 3 hours of greatest R ; the means for the hours 2-5 hr, when the ( -q') vectors have their real maximum, are also shown. The (d -q) data are included in the table for comparison. In addition to the increase of mean R, the effect of increased disturbance is to equalize R a.m. and R p.m. On ( -q) days R a.m. exceeded R p.m. by 30% in winter and 49% in summer, Table IX . Table XII id' -q') (rf ~ q) Increase of scale of disturbance at Fort Rae also affects the distribution of disturbance during the 24 hours of the day. In average disturbance the day and night mean resultant vectors are approximately equal, but in the group of most disturbed days R is 146 y during the night and 123 y during the day. The night/day ratio of p (0-60 for average disturbance) increases to 0-77 for the most disturbed days.
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As regards inclination of the vector to the vertical, the change from (d -q) to ( d ' -q') days is similar to the change from winter to summer shown in the right-hand side of fig. 5 . This implies that increased scale of disturbance at Fort Rae incurs southwards displacement of the current system (both a.m. and p.m.), which displacement must also be accompanied by an increased concentration of the lines of current flow, or the mean height must be lowered. On either hypothesis the change must be more marked for the east-west, a.m., current direction than for the p.m. current, west-east. This is necessary to account for the relative change both in p and in R.
The effect of increased disturbance on the azimuth of the current is not so unambiguous, though, when the values of < j > are compared for the hours of real maxima in R (i.e 2-5 hr in ( d -q) and 15-18 hr for both) there is a veer from the less to the more disturbed days. As Table VIII shows, this implies that on the more highly disturbed days the current system in both its a.m. and p.m. positions is more nearly at right angles to the direction of local declina tion. If, as is likely, the increased field vectors on ( -q') days are the result of increased current as well as change in distribution of the lines of flow, this effect confirms another conclusion o f Goldie, loc. cit., that " the stronger the current, the more nearly does its direction approach to being perpendicular to the magnetic meridian." Summary 12-The three mutually perpendicular force vectors of the earth's magnetic field added during disturbance to those acting on quiet days are examined. From the characteristics in magnitude and orientation of these disturbing vectors at seven observatories it is found that the over head current system producing the regular diurnal disturbing field in moderately high latitudes is primarily concentrated in a narrow zone asymmetrically encircling the magnetic axis pole and at about 23° from it. The direction of this current flow is east-west in the early local morning and a maximum in the reverse direction about 18 hr. A systematic daily change of space distribution and azimuth of the lines of current flow accompanies the change in current direction. In winter the disturbance vectors further indicate that the current zone lies more northerly than in summer, but the seasonal displacement, like the daily, is probably to be attributed more to a changed distribution in the vertical of the lines of current flow than to a horizontal movement of the whole system. At all times the disturbing system is diffuse and complex.
